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ABSTRACT 

This semi-annual report  summarizes a c t i v i t i e s  of the Cryogenic Data Center 

for the f irst  half  of the 1966 calendar year. 

t h e  scope of the  Center's data compilation program and b r i e f l y  describes t h e  

pr inciple  functions of the  documentation program. 

The introduction a l s o  out l ines  

Progress of the  data evaluation and compilation e f f o r t s  on the  following 

tasks  is reported: 

Liquid, and Caseous Phases from 4" t o  3W°K ( t h i s  work includes consideration 

of the ortho-para and isotopic modifications); 2 )  Thermodynamic Propert ies  

of W g e n  (compilation work completed); 3) Thermodynamic Properties of Argon 

i n  the Solid, Liquid, and Vapor Phases from 20" t o  300'K; 4) Saturat ion and 

Fixed Point Properties of Cryogenic Fluids f o r  the  Liquid-Vapor, Solid-Vapor, 

and Solid-Liquid Transit ions;  5 )  Viscosity and Thermal Conductivity of 

Cryogenic Fluids;  6 )  Physical Equi l ibr ia  and Thermodynamic and Transport 

Properties f o r  Binary Mixtures of the Cryogenic Fluids.  The s t a t u s  of a 
number of other  tasks  i n  progress is  given. 

char ts  for  oxygen and sample tab les  of v i scos i ty  f o r  oxygen and nitrogen. 

1) Thermodynamic Properties of Hydrogen in  the Solid, 

Included are sample T-S and P-Z 

The Documentation Unit reports  that d i s t r i b u t i o n  of the Weekly Current 

Awareness Service has increased from about 350 copies per week t o  near ly  

1000; 

i t e m s  being processed i n  t h i s  s i x  months period; and t h a t  there  has been 73% 
increase i n  bibliographic searches with 38 major searches completed. During 
t h i s  period a t o t a l  of 821 orders were f i l l e d  with 5938 items, a 3% increase 

over the previous period. 

tha t  new assessions increased 47% over t h e  previous period with 4348 

The report  includes a summary chart  f o r  the s t a t u s  of data  compilation 

tasks ,  a l i s t  of thermodynamic char t s  t h a t  have been prepared and a l i s t  of 

30 publications and reports  issued by the Cryogenic Data Center. 

i v  
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SD4I-ANNUl.L PROGRESS REPORT ON CRYOGENTC DATA CENTER ACmVITlES 

FOR THE PERlOD OF JANuAIpl 1 THROUGH JUNE 30, 1966 
V. J. Johnson, R. B. Stewart, N. A. Olien 

1.0 m o m m m  

The Cryogenic D a t a  Center i s  organized around 

two operational units:  

under the d i rec t ion  of R. B. Stewart and the  Docu- 

mentation U n i t  under N. A. Olien. 

the  Data Compilation Unit 

The Data Compilation U n i t  i s  working under the 

sponsorship of the National Aeronautics a d  Space 

Administration, currently under Contract 

~-06-006-&6, which i s  designated a s  NBS Project 

3150422. The Documentation Unit 's  bas i s  of opera- 

t i o n  and developnent i s  supported from the Bureau's 

d i r ec t  appropriation under Pro jec t  3150121. 

of the serv ices  of t h i s  u n i t  a re  reimbursed from 

other pro jec ts  and outside sa les .  

1.1 

Some 

Scope and Outline of Data Compilation 

Ac t iv i t i e s .  

!&e Crycgenic bt.a Compilation Unit i s  engaged 

i n  the c r i t i c a l  evaluation and compilation of data 

on the proper t ies  (thermodynamic, transport ,  and 

other thermophysical p roper t ies )  f o r  the p r i n c i p l  

f l u ids  (and common mixtures of these f lu ids )  used 

a t  low temperatures, namely: 

Helium Nitrogen Carbon Monoxide Methane 

Hydrogen %gen Fluorine Xenon 

Neon A i r  Argon Krypton 

The scope of the compilation program a l so  i n -  

cludes t h e  properties of metall ic elements, selec- 

ted  a l loys ,  and element d i e l ec t r i c s  a s  follows: 

E lec t r i ca l  Res is t iv i ty  Thermal Expansion 

Die lec t r ic  Constant Specific Heat 

Thermal Conductivity Enthalpy 

Ultimately it i s  expected tha t  data w i l l  be 

compiled f o r  the  mechanical properties of s t r u c t u r d  

materials,  however, it may be some time ye t  before 

tasks a r e  s t a r t ed .  

The thermodynamic properties of f l u ids  being 

pursued are: 

Pres sure  -Volume -Temperature 

vapor Pressure, Lztent Heat, Saturation Densities 

Isothermal Compressibility, Volume Expns iv i ty  

Entropy, Enthalpy, f n t e r n d  Energy 

Specific Heats (C,, C,, C, a t  ) 
Velocity of Sound 

The t ranspor t  properties of f l u ids  included 

i n  the  program are:  

Thermal Conductivity Diffusion Coefficients 

Viscosity 

Prandtl  Number 

Thermal Diffusion 
Coefficients 

Other thermopbysical properties include: 

Die lec t r ic  Constant, Surface Tension 
Refractive Index Magnetic Properties 

M e l e c t r i c  Breakdown Optical P r q e r t i e s  

E lec t r i ca l  Res i s t iv i ty  

The l i t e r a t u r e  i s  monitored on a continuing 

bas i s  f o r  a l l  phases of the above pl;ogram. 

spec i f ic  tasks  a r e  undertaken, comprehensive bib- 

l iographies a r e  prepared and sometimes published. 

Task notebooks a re  made fo r  preliminary selection 

of data and, where feas ib le ,  preliminary data 

shects ore  issued. C r i t i r a l  evaluation i s  done by 

the senior s t a f f  consisting of two phys ic i s t s ,  

one engineer (thermodynamic), chemist, and physi- 

c a l  chemist. The s t a f f  collaborates with theore t i -  

c a l  groups within NBS and with consultants f o r  

b e t t e r  development of the theory where per t inent .  

The hta Compilation Unit operates as part of the 

National Standard Reference Data Program. 

1.2 Outline of Principle Documentation Ac t iv i t i e s  

An awareness of publi- 

cations and repor t s  of cryogenic i n t e r e s t  i s  main- 

tained by the regular review of a hundred or  more 

periodicals subscribed t o  by the Data Center, by 

a weekly review of the "Current Contents" service,  

by reviewing some f i f t e e n  abs t rac t  journals,  and 

A s  

L i te ra ture  Searching. 

by noting references i n  cryogenic documents. 

t o  200 items a r e  noted weekly. 
150 

Li tera ture  Procurement. Published l i t e r a t u r e  

i s  obtained from loca l ,  national,  and foreign 

l i b r a r i e s .  A s izable  portion is obtained on micro- 

f iche  from the  Technical Library a t  Delft ,  Holland. 

(The service fram Delft i s  economical, f a s t ,  and 

qui te  comprehensive .) Report l i t e r a t u r e  i s  pro- 

cured mostly from the la rge  national centers 

(NASA, DDC, and the  Clearinghouse). 
repor t s  are obtained d i r e c t l y  from the  corporate 

Many new 



source a s  a part of the D a t a  Center's program of 

information exchange. 

Cataloging, Coding, and Machine Frocessing. 

I n  addi t ion t o  standard l i b r a r y  cataloging of p e r t i -  

nent l i t e r a t u r e  selected for the  system, it i s  coded 

i n t o  nine main subject categories such as propert ies  

of so l ids  and of f lu ids ,  cryogenic processes and 

equipment, instrumentation and laboratory a p p r a t u s ,  

cryogenic techniques, e t c .  Further charac te r i s t ic  

coding i s  then assigned as t o  the type of document, 

temperature range, type and range of the data, e t c .  

This i s  followed by comprehensive subject  coding 

based on the  Data Center's thesaurus or  dict ionary 

of terms. 

Bibliographic Storage and Retrieval.  A l l  cata- 

loging and coding i s  converted t o  machine readable 

form f o r  automated processing on the  Boulder Labora- 

t o r i e s '  Control Data Corporation 3600 computer. The 

pr inc ipa l  programs used a r e  f o r  searching, dictionary 

term ident i f ica t ion ,  and fo r  catalog tape output. 

Smaller programs are  a l s o  i n  use f o r  addi t ional  

indexing, tape updating, corrections,  e t c .  Custom 

bibliographies a re  prepared f o r  specif ic  subjects  or 

f o r  broad subject areas .  Indexing follows from the 

nature of search queries and can be qui te  de ta i led .  

An average of 1 o r  2 major searches a r e  made each 

week plus a number of small ones for answers t o  

s ingle  questions. 

Distr ibut ion of  Li terature  and Data. Announce- 

ments and abs t rac t  cards of new l i t e r a t u r e  evolving 

from the Cryogenic Laboratory's Research Program a r e  

sent  t o  nearly 3000 persons and i n s t i t u t i o n s  period- 

i c a l l y .  

erature  are  now available.  

and documents a year a r e  d is t r ibu ted  i n  response t o  

some two thousand orders. 

the  Clearinghouse to  take over much of t h i s  d i s -  

t r ibu t ion .  

Nearly f ive  hundred separate items of lit- 

Fif teen t o  twenty thous- 

Plans a r e  underway with 

2.0 

been 

ACTIVITIES OF THE DATA CCMPILATION UNIT DURING 

THIS REPORTING PEXIOD 

!.Report on Tasks under NASA Contract R-06-006- 

046 (NBS Project 3150422)l 

The emphasis during the reporting period has 

on the compilation of the thermodynamic pro- 

per t ies  of oxygen and on the compilation of the  

t ransport  propert ies  of cryogenic f lu ids .  

A part of the  funding on these tasks  was fron 

NASA MSFC Government Order H-76747; t h i s  project  

terminated on January 15 ,  1966 and was reported i n  

"Cryogenic Propellant Fluid Propert ies ,  Final  Report 

f o r  Data Evaluation Program on Government Order 

H-76797," NBS Report 9198 (February 1, 1966). 

current NASA Contract (R-06-006-046) provides funds 

for  the  period December 1, 1965 through October 31, 
1966. 
on t h e  Cryogenic Data Center Act iv i t ies ,  however, 

covers the periods of the  calendar year ra ther  than 
the individual contract  year.  

The 

This series of consolidated project  repor t s  

The scope of work for  the current  calendar 

year includes the  following tasks:  

1. 

2. 

3 .  

4 .  

5. 

6.  

Thermodynamic propert ies  of hydrogen i n  

t h e  s o l i d ,  l i q u i d ,  and gaseous phases 

from 4" t o  300°K. 

consideration of t h e  ortho-para and 

isotopic  modifications. ) 
Thermodynamic propert ies  of oxygen. 

Thermodynamic propert ies  of argon i n  the 

so l id ,  l iqu id ,  and vapor phases from 

(This work includes 

20° t o  300%. 
Saturat ion and fixed point propert ies  

of cryogenic f l u i d s  for the  l iquid-vapor,  

solid-vapor,  and sol id- l iquid t rans i t ions .  

Viscosity and thermal conductivity of 

cryogenic f l u i d s .  

Physical equi l ibr ia  and thermodynamic 
and t ransport  propert ies  for binary 

mixtures of the cryogenic f lu ids .  

Progress on the above tasks  from one report-  

ing period t o  another v a r i e s  with the  emphasis 

given. Most of these t a s k s  a r e  continuations 

from the previous year ' s  a c t i v i t i e s ,  and some of 

these need t o  be continued beyond the current  

year.  Additional tasks  which w i l l  be undertaken 

a s  t h e  above tasks  a r e  completed and a s  work 

assignments w i l l  allow a r e  a s  follows: 
1. Thermodynamic propert ies  of f luorine.  

2 .  Thermodynamic propert ies  of a i r .  

3. Thermodynamic propert ies  of methane. 

4 .  
5 .  Surface tension of cryogenic f lu ids .  

Die lec t r ic  constant of cryogenic f l u i d s .  
I 

2 
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A continuing e f f o r t  i s  made i n  the survey 

of current l i t e r a t u r e ,  searching of the older 

l i t e r a t u r e ,  and t h e  acquisit ion of a l l  documents 
of i n t e r e s t  t o  the data compilation program. 

present holdings i n  the l i t e r a t u r e  f i l e  fo r  t h i s  

pro jec t  exceed 7000 documents. Additional items 

are now being procured, coded, and cataloged a t  
the  r a t e  of approximately 50 per week. 

t i on  t o  the acquis i t ion  and cataloging of l i t e r a -  

tu re ,  data sheets a r e  prepared i n  work notebooks 

t o  provide the  Unit with ready access t o  the  

avaiiable daza OII a ?IXGZ& i-zzigc OF tq?5cs. 'phis 

not only provides the  information neededfor fu- 
t u re  tasks b u t  also provides informt ion  needed 

t o  make the Cryogenic Data Center an in fo rmt ion  

source on the thermophysical properties fo r  cryo- 

genic materials.  

The 

I n  addi- 

A review of progress on the current t a s k s  f o r  

the  present reporting period follows. 

2.1 Thermodynamic Properties of Hydrogen 

The task  for  extending the thermodynamic pro- 

per ty  t ab le s  f o r  hydrogen has been inac t ive  during 

the current reporting period. 

completion of the oxygen compilation this task w i l l  

be emphasized during the next period. 

t o  the  evaluation of the hydrogen data from the 

l i t e r a t u r e ,  the study of temperature sca les  used 

by the  various labora tor ies  which have reported 

experimental data of i n t e r e s t  w i l l  be completed. 

The objective of t h i s  study of temperature scales 

i s  t o  allow conversions t o  the thermodynamic scales 

fo r  the da ta  from the various laboratories.  

However, with the  

I n  addition 

A t  t h e  request of the NASA Project Manager, a 

t ask  f o r  t he  construction of an enlarged T-S diagram 

for  l i q u i d  parahydrogen has been undertaken. 

char t  w i l l  use the data from NBS Monograph 94 and 

w i l l  include properties f o r  l iqu id  from the  t r i p l e  

point t o  55% with pressures t o  100 ps ia ,  and w i l l  

include liquid-vapor mixture values f o r  qua l i t i e s  

t o  0.1 percent vapor (by weight). 

"his 

During t h i s  reporting period a task fo r  the 

compilation of the thermodynamic properties of 

normal deuterium has been undertaken. This work 

i s  being done by a graduate student as a thes i s  

p ro jec t  under the  supervision of the project leader. 

It i s  an t ic ipa ted  that this compilation w i l l  be 

canpleted within the  next three months. 

2.2 Thermodynamic Properties of Oxygen 

The compilation of thermodynamic p r o p r t i e s  of 

oxygen has been completed and new tab les  and T-S 

and P-Z diagrams a re  now ava i lab le .  

t i o n  i s  based on new P-V-T data from the oxygen 
proper t ies  measurement program i n  t h i s  laboratory, 

together with the  P-V-T and other thermodynamic 

property measurements from the l i t e r a t u r e .  The 

complete analysis of t he  new NBS data has not been 

c o q l e t e d  by the experimenter, and some Edditional 

measurements w i l l  be made, p r i m r i l y  f o r  the  l o w  

temperature iiquici. E w c < e r ,  ir: thLc ccq$lafinn 

these new data have been compared with other data 

i n  the published l i t e r a t u r e ,  and estimates of the 

uncer ta in t ies  of the P-V-T values calculated by 

the equation of s t a t e  have been determined. 

new compilation of oxygen thermodynamic properties 

i s  available a s  "The Thermodynamic Properties of 

Oxygen," by Richard B. Stewart, Ph.D. Dissertation, 

University of Iowa (June 1$6Xg8]. Copies of the T-S 
and P-Z diagrams are  reprinted on the following 

pages. Copies of the d i s se r t a t ion  and separate 

copies of the diagrams (e'' x 11" and 17" x 22") 

may be obtained from the  Cryogenic mta Center. 

An NBS publication of this compilation task w i l l  

be issued a f t e r  the experimental program i s  com- 

pleted and the r e s u l t s  published. 

2.3 Thermodynamic Properties of Argon 

"his compila- 

The 

The task on the thermodynamic properties of 

argon i s  assigned t o  Professor Gosman who is  em- 

ployed with the Cryogenic Data Center during the 

summers. This task was a l s o  the  subject f o r  h i s  

d i sser ta t ton ,  "Thermodynamic Properties of Argon 

i n  the Liquid and Gaseous S ta t e  fo r  Temperatures 

from the Triple Point t o  300°K with Pressures t o  

1000 Atmospheres," University of Iowa (Aug. 1%5)[30]. 

The d i s se r t a t ion  included a recalculation of the 

themtodynamic property tab les  t h a t  were issued i n  

NBS Report 8293L14:. The equation of s t a t e  developed 

9s  a pa r t  of the d i s se r t a t ion  has now been extended 

t o  the low pressure vapor region f o r  vapor proper- 

t i e s  t o  temperatures down t o  20°K. The equation 

of s t a t e  has a l s o  been extended i n  the  high den- 

s i t y  l iqu id  range t o  the fusion l i ne .  

summer, 1966, a manuscript w i l l  be developed which 

w i l l  present the  results of t h i s  task together 

with extensive t ab le s  and diagrams fo r  the proper- 

t i e s  of argon. 

During the 
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2.4 Saturat ion and Fixed Point Properties of 
Cryogenic Fluids for  the  Liquid-Vapor, 

Solid-Vapor, and Solid-Liquid Transi t ions 

This task  has been inact ive during the  cur- 

r e n t  report ing period. 

work on t h i s  task  w i l l  be resumed as  other com- 

p i l a t i o n  pro jec ts  a r e  completed. 

2.5 

It i s  ant ic ipated t h a t  

Viscosity and Thermal Conductivity of 
Cryogenic Fluids 

The task  f o r  the compilation of the  t ransport  

propert ies  of cryogenic f l u i d s  w a s  undertaken e a r l y  

i n  1965. 
from the Cryogenic Data Center's Documentation 

Unit ,  and l i t e r a t u r e  searches have been completed 

f o r  the  t ransport  propert ies  of argon, oxygen, 

nitrogen, neon, krypton, and xenon. Copies of a l l  

documents have been procured, and the. numerical 

data and per t inent  f a c t s  re la ted  t o  t h e  data have 

been extracted and compiled on data  sheets for  task 

notebooks f o r  these f lu ids .  A l i t e r a t u r e  search 

f o r  helium i s  i n  progress and these data  are being 

compiled i n  a task  notebook. 

A preliminary bibliography was obtained 

A general survey of t h e  theories of t ransport  

phenomena under different  experimental conditions 

was a l s o  undertaken. The i n i t i a l  phase of t h i s  

study was concerned with the  simplest case,  t h a t  

of a non-quantum gas with spherically symmetrical 

force f i e l d .  Argm was chosen f o r  t h i s  i n i t i a l  

study, and the Chapman-Enskog theory was applied 

t o  the  v iscos i ty ,  thermal conductivity,  and the 

self-diffusion coeff ic ients  f o r  argon. The bes t  

po ten t ia l  function was selected and the  optimum 

potent ia l  parameter determined. This work i s  

reported i n  publication 1261. 
da ta  f o r  d i l u t e  argon have been calculated and 

are published i n  [271. 
i n i t i a l  study was the develapment of a general 

method t o  determine t h e  best  intermolecular poten- 

t i a l  functions as a means of  determining the  

optimum correlat ion of given s e t s  of data  f o r  

t ransport  and thermodynamic data.  A general 

method t o  investigate the  r e l a t i o n  between poten- 

t i a l  fbnctions and macroscopic experimental da ta ,  

such as t ransport  coeff ic ients  or  v i r i a l  coef f i -  

c i e n t s  i s  i n  progress, and r e s u l t s  have been ob- 

tained. This work w i l l  be i n  collaboration with 

Transport property 

A fur ther  r e s u l t  of t h i s  

Dr. Klein of NBS Washington. 

be extended and published i n  the  near future .  

This general method has been applied t o  the data 

f o r  w g e n ,  nitrogen, neon, xenon, and krypton, 

and r e s u l t s  f o r  the  v iscos i ty  coeff ic ients  of 

oxygen and nitrogen have been calculated.  A pre- 

liminary tab le  of these values i s  presentedon t h e  

following pages. It i s  not possible t o  calculate  

thermal conductivity f o r  oxygen and nitrogen from 

rigorous theory, but  preliminary calculat ions have 

been obtained f o r  t h e  thermal conductivity from 

an empirical curve f i t t i n g .  

The procedure w i l l  

The study of t ransport  phenomena fo r  the  dense 

f l u i d  was undertaken ear ly  i n  the current report ing 

period, and t h e  compilation of t ransport  phenomena 

of the  cryogenic f l u i d s  has been extended t o  the  

dense f l u i d s .  A study of the many theories  ava i l -  

able  led t o  the decision t h a t  the Enskog theory i s  

bes t  sui ted,  a t  the  present  t i m e ,  t o  cor re la te  

experimental t ransport  da ta .  Preliminary corres- 

ponding s t s t e s  calculat ions of the Enskog theory 

show promise. It appears t h a t  the  rare gases can 

be correlated s a t i s f a c t o r i l y  up t o  about 400 atmos- 

pheres. The Enskog theory i s  a l s o  being inves t i -  

gated theore t ica l ly .  A very carefu l  s t a t i s t i c a l  

invest igat ion of t ransport  second v i r i a l  coef f i -  

c ien ts  has a l s o  been s t a r t e d .  These pro jec ts  

concerning the dense f l u i d  a r e  the r e s u l t s  of 

c lose collaboration with D r .  J. V. Sengers of NBS 

Washington. 

2.6 Physical Equi l ibr ia  and Thermodynamic and 
Transport Propert ies  f o r  Binary Mixtures 

of t h e  Cryogenic Fluids 

This task  has been inac t ive  during the  cur- 

r e n t  report ing period, with t h e  exception of the 

continued acquis i t ion of l i t e r a t u r e  on t h i s  sub- 

j e c t .  I t  i s  ant ic ipated t h a t  work on t h i s  task  

w i l l  be resumed as s t a f f  become avai lable .  

2.7 Thermodynamic Propert ies  of Methane 

A s  a preliminary t o  undertaking an extensive 

compilation of the  thermodynamic propert ies  of 

methane, an extensive l i terature search and com- 

p i l a t i o n  of the  bibliography on the  thermo- 

physical p roper t ies  of methane has been undertaken. 

It i s  an t ic ipa ted  t h a t  t h i s  bibliography w i l l  be 

avai lable  i n  another s i x  months. 

e 
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I 
I Y  

I "  

TEMP V I S C O S I T Y  

K C/CPI-SEC 

T) x IO6 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

200 
210 
220 
2 30 
240 

250 
260 
270 
200 
290 

300 
310 
320 
330 
340 

350 
36 0 
370 
380 
390 

400 
410 
42 0 
430 
440 

450 
460 
470 
480 
490 

76.7 
84.2 
91.7 
99.1 

106.4 

113.5 
120.6 
127.6 
134.4 
141.0 

147.5 
154.0 
160.3 
166.5 
172.6 

178.5 
104.3 
190.1 
195.8 
201.3 

206.7 
212.1 
217.4 
222.6 
227.7 

232.9 
237.9 
242.8 
247.7 
252.5 

257.2 
261.9 
266 5 
271.1 
275.b 

280.0 
284.4 
288 . 8 
293.1 
297.3 

V I S C O S I T Y  OF G A S E W S  OXYGEN* 

(PRELIMINARY TABLE1 

TEMP 

K 

500 
510 
520 
530 
540 

550 
560 
570 
580 
590 

600 
610 
620 
630 
64 0 

650 
660 
670 
680 
690 

700 
710 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
84 0 

850 
860 
870 
880 
890 

900 
910 
920 
93 0 
940  

950 
960 
970 
980 
990 

VISCOSITY 

G/CM-SEC 

7] x to6 

301.6 
305.8 
310.0 
314. 1 
318.2 

322.1 
326.2 
330. 2 
334.2 
338.0 

341.9 

349.6 
353.4 
357.2 

360.9 
364.7 
368.3 
372.0 
375 6 

379.1 
382.8 
306.3 
389.8 
393.3 

396.8 
400.3 
403.8 
407.2 
410.7 

414.1 
417.5 
420.9 
424.3 
427.6 

431.0 
434.3 
437.7 
441.0 
444.2 

447.3 
450.5 
453.8 
457.0 
460.2 

463 4 
466.5 
469.6 
472 8 
475 . 9 

345 b 8 

* Calculated for the dilute gas  by the Kihara potential. with Y = . l ,  a = 3.38  1, c / k  = 124. 5OK. 
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TEMP V I S C O S I T Y  

K G/CM-SEC 

7 x IO6 

100 
110 
120 
130 
140 

150 
160 
170 
180 
190 

200 
210 
220 
230 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
36 0 
370 
380 
390 

400 
410 
42 0 
430 
440 

450  
46 0 
470 
48 0 
490  

69.3 
75.8 
82.2 
88.5 
94.7 

100.7 
106.7 
112.4 
118.1 
123.7 

129.2 
134.5 
139.8 
144.9 
149.9 

154.8 
159.7 
164.4 
169.1 
173.7 

178.2 
182.7 
187.1 
191.4 
195.6 

199.8 
203.9 
207.9 
211.9 
215.8 

219.7 
223.6 
227.4 
231.2 
234.9 

238.6 
242 . 2 
245.8 
249.4 
252.9 

VISCOSITY OF CASEOUS NITROGEN+ 

(PRELIMINARY TABLE) 

TEMP 

K 

500 
510 
520 
530 
540 

550 
560 
570 
580 
590 

6 00 
610 
620  
630 
640  

650  
660  
670 
680 
690  

700 
710 
720 
730 
740 

750  
76C 
770 

790 

800 
810  
820 
830 
840  

850 
860 
870 
880  
890 

900  
910 
920  
93  0 
94  0 

950  
9 6 0  
970  
980 
990  

780 

V I SCOS I TY 

G/CM-SEC 

7 x IO6 

256.4 
259.8 
263.3 
266.6 
270.0 

273.3 
276.6 
279.9 
283.1 
286.4 

289.5 
292.7 
295.8 
299.0 
302.1 

305.0 
308.0 
311.1 
314.1 
317.1 

320.0 
323.0 
325.9 
328.8 
331.7 

334.6 
337.5 
340.3 
343.2 
346.0 

348.8 
351.6 
354.4 
357.1 
359.8 

362.5 
365.1 
367 9 
370.6 
373.3 

375.9 
378.5 
381.2 
383.8 
386.4 

389.0 
391.6 
394.2 
396.7 
399.3 

<r Calculated for the dilute gas by the Kihara potential, with y : . 2 ,  LI -- 3 .  55 A ,  e / k  = 116.7-K. 
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~ ~ . 3.0 A C " I V I ! C I E S O F T H E ~ ~ O N L J N I T ~ G  

THIS REPOFSTNG P W O D  

Progress i s  reported on the following docu- 

(NBS PROJECT 3150lU) 

4 
. .  

mentation a c t i v i t i e s :  Current Awareness Service,  

en t ry  of new material i n t o  the  information storage 

and retrieval system, literature searching and 

bibliography preparation, and annocncement and 

d i s t r i b u t i o n  of NBS Cryogenics Division publica- 

t ions.  

3.1 Current Awareness Service 

This service was s ta r ted  i n  March of 1964 i n  

response t o  suggestions from staff members and out- 

s ide  associates  t h a t  l i terature being reviewed f o r  

input  i n t o  the Center's storage and r e t r i e v a l  sys- 

t e m  may be of wide current  i n t e r e s t .  The Service, 

which i s  a "fall-out' ' from the basic  cperation of 

the  Center, has been wel l  received by the  scien- 

t i s ts  and engineers of the cryogenic community. 

A t  the  beginning of this  report ing period (January 

1966) twenty-eight new subscriptions were added t o  

t h e  l i s t  of some 92 per iodicals  previously receive? 

i n  the Data Center. I n  addi t ion t o  t h i s ,  for ty-  

nine journals  received by the  Boulder Laboratories 

Library are reviewed cover-to-cover on a regular 

bas is .  The new periodicals  involved were selected 

on t h e  b a s i s  of the amount of l o w  temperature in-  

formation selected from them during the previous 

eighteen months. Subscription pr ice  versus yield 

w a s  t h e  determining fac tor  i n  deciding whether t o  

subscribe or  t o  r e l y  on t h e  l i b r a r y  subscription. 

The r e s u l t  of the  increased coverage has been a 
subs tan t ia l  rise i n  the  number of i t e m s  l i s t e d  

each week, s o  much so t h a t  work has been done on 

developing an index. Permuted t i t l e  indexes were 

prepared f o r  l i s t  no. 107 and l i s t  no. 113, bu t  

problems w i t h  scheduling t i m e  on the computer and 

other  handling d i f f i c u l t i e s  forced us t o  drop this 

as a regular  index. S ta r t ing  with l i s t  no. 111 

each l i s t  has been divided i n t o  three sections:  

1) Low Temperature F'hysics and Chemistry, 2)  Cryo- 

genic h g i n e e r i n g ,  3)  Miscellaneous. A small sub- 

j e c t  index f o r  each of the f i r s t  mo sections was 

begun with l i s t  no. 115 and we plan t o  continue 

the subjec t  index on a regular  bas i s .  I n  June a 

result t h e  d i s t r i b u t i o n  of the  l i s t  has been i n -  

creased from about 350 per week t o  nearly 1000 per 

week. It i s  present ly  being sent  t o  anyone re- 

questing it, but  it i s  expected t h a t  a nominal 

charge w i l l  soon have t o  be i n s t i t u t e d  t o  cover 

the  cos t  of pr in t ing  and mailing. 

mailing are now done by the Government Pr in t ing  

Office i n  Denver r a t h e r  than by our own loca l  shop 

a s  i n  the past. 

format, speedier service,  and less work f o r  t h e  
Data  Center personnel. 

3.2 Bibliographic Storage ana Becrievai System 

The pr in t ing  and 

This has made possible  an improved 

Continued progress has been made i n  obtaining 

a la rger  percentage of  the inaterial processed i n t o  

the system i n  full copy form rat'ner than i n  abs t rac t  

form. 

copy and complete documents have been received f o r  

a number of the  older e n t r i e s  processed from ab- 

s t r a c t s .  Processing some accessions from abs t rac ts  

i s  necessary, however, and i n  some instances pre- 

ferable .  For example, a l , s t rac ts  of cer ta in  

Russian papers, most Eist ?i--pezn papers, and a l l  

Chinese papers cor,tain more useable information 

f o r  the  coder than do the or ig ina l  a r t i c l e s .  Con- 

tinued emphasis i s  being placed on procurement of 

l i t e r a t u r e  i n  microform. 45% i s  now obtained as 

microfiche. Convenience of handling and savings 

i n  f i l e  space are main advantages as  w e l l  as cost  

of the documents. Reproduction f o r  others i s  a l s o  

cheaper but  very l i t t l e  of t h i s  has been done a s  

y e t  since good readers a r e  not readi ly  avai lable  

t o  many people. 

Over 85% of the  new e n t r i e s  a re  from full 

Imprwements have been made i n  t h e  cataloging 

operation. A comprehensive and de ta i led  instruc-  

t i o n  f o r  use of the  c l e r i c a l  personnel i n  proces- 

s ing documents was prepared [ 2 9 ] .  

has proved qui te  useful  i n  improving cataloging 

consistency, a iding i n  the t ra in ing  of new person- 

nel ,  and reducing the  t i m e  spent answering ques- 

ti ons . 

This ins t ruc t ion  

I n  January 1966 the  categories  covering cryo- 

genic equipment and instrumentation and laboratory 

spparatus became operational t o  the extent t h a t  

new material enter ing t h e  system i s  being f u l l y  

Concerted e f f o r t  was s ta r ted  t o  publicize t h e  avail-  

a b i l i t y  of t h e  Current Awareness Service. 

processed for mechanized r e t r i e v a l .  

possible t o  conduct l imited searches i n  these 

It i s  now 

A s  a 
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areas. 
during this  reporting period a l so .  A s  of June 30, 
1966 the  s t a t u s  of t h e  various categories of cryo- 

genic information was as follows: 

A l a r g e  group of patents  were processed 

a)  Properties of materials - 15,200 referen- 

ces  available f o r  search, 

Cryogenic processes and equipment - 3500 

refererces  w a i l a b l e  f o r  search, 

Instrumentation and laboratory apparatus - 
800 references avai lable  f o r  search. 

These three areas represent spproximately 85$ 
of the new m t e r i a l  being entered i n t o  the system, 

therefore,  nearly a l l  documents being processed 

w i l l  become available f o r  machine search. Total 

accessions now stand a t  36,770. 

b )  

c )  

Previous progress reports  have s ta ted  that the 

e n t i r e  c i t a t i o n  for  a l l  new e n t r i e s  i s  key-punched 

i n t o  cards and placed on magnetic tape. 

t h i s  reporting period computer programs were 

wr i t ten  t o  ident i fy  and s e l e c t  from t h i s  tape the  

following information: 

t o  indicate  f i r s t  author, 2) author a f f i l i a t i o n  f o r  

published l i t e r a t u r e ,  3) corporate source f o r  r e -  

por t  l i t e r a t u r e ,  4)  journal  c i t a t i o n .  

these items i s  coded s o  t h a t  machine sor t ing  can 

be performed and separate indexes establ ished.  

Within the next few months w e  plan t o  compile these 

indexes and begin incorporating them with some 

addi t ional  indexing with which we have been experi-  

menting. 

our search capabi l i ty  and speed up dupl icate  search- 

ing of our exis t ing f i l e .  

3.3 Li terature  Searches and Bibliography 

During 

1) a l l  authors with a code 

Each of 

These addi t ional  indexes w i l l  increase 

Preparation 

It i s  reasonable t o  expect t h a t  an increase 

i n  the c i rcu la t ion  of the Current Awareness Ser- 

v ice  would r e s u l t  i n  a la rger  demand f o r  l i t e r a -  

tu re  searches. This has indeed been the case,  

since a sharp increase i n  search requests was 

noticed short ly  a f t e r  the  first of the  calendar 

year.  The information system, par t icu lar ly  i n  

the  area of the  properties of mater ia ls ,  has  been 

bui lding a resource of searchable information f o r  

a number of years.  

t o  the point t h a t  it i s  now possjble t c  p-qnre  

bibliographies a t  a much f a s t e r  r a t e  than pre- 

Mechanization a l s o  has g rmn  

viously.  

made t o  expand the bibliographic services  of the  

Data Center a t  this  time. 

above, w e  have i -ni t ia ted e f f o r t s  t o  announce the  

It seems appropriate t h a t  e f f o r t s  be 

. -  
I n  addi t ion t o  the  

C 
services of the  Documentation Unit through scien- . . 
t i f i c  and technical  journals.  

tacts have been made with the  American I n s t i t u t e  

of Physics and with t h e  publishers of Cryogenic 

Engineering News. 

3.4 

I n  t h i s  l i g h t ,  con- 

Announcement and Distr ibut ion of mS-Cryogenics 

Division Publications 

During t h i s  report ing period the  Cryogenic 

Data Center's mailing l i s t  was compared with the  

"corporate source" authori ty  l i s t  and any missing 
corporations were added. This w a s  done t o  a i d  i n  

the  developnent of a simplified system of recording 

document d is t r ibu t ion .  Distr ibut ion s t a t i s t i c s  

and use of the Data Center Services a r e  frequently 

requested by various mnagement groups. 

A t  t h e  end of t h i s  report ing period arrange- 

ments are w e l l  underway f o r  the Clearinghouse f o r  

Federal S c i e n t i f i c  and Technical Information 

(Springfield,  V a . ,  22151) t o  take over the  s a l e  

and d is t r ibu t ion  of repr in ts ,  repor t s ,  thermo- 

dynamic char t s ,  and other such items generated i n  

the Cryogenics Division of NBS. 
new publications and d i s t r i b u t i o n  of a b s t r a c t  cards 

w i l l  s t i l l  be done by the Data Center. 

inghouse i s  spec i f ica l ly  designed f o r  government 

document d is t r ibu t ion  and w i l l  r e l ieve  the  Data 

Center of a burdensome job. 

(of some 80,000 items f o r  near ly  500 separate 

documents) was becoming a real problem. 

Announcement of 

The Clear- 

The inventory alone 

An announcement of 20 new publications with 

abs t rac t  cards w a s  mailed t o  the 2800 persons and 

firms on the Data Center's mailing l i s t .  

of 33 t rans la t ions  avai lable  from the  Data Center 
was a l s o  included. 821 orders were f i l l e d  with a 

t o t a l  of 5938 i t e m s .  

A l i s t  

Surmnary of Documentation Unit A c t i v i t i e s  

1) Current Awareness Service 

a )  Coverage - 136 items per l i s t  - 1% 
increase .* 
Circula t ion-  473 addressees - 83$ 
increase .* 

b )  

Tompared with rate indicated i n  the Fourth Quar- 
t e r l y  Progress Report (NBS Report 9156, December 
1965) 
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2) Entries i n t o  information storage and re- 

t r i e v d  system - 4348 new documents - 
4@ increase.  

L i te ra ture  searches and bibliography pre- 

paration 

a )  

b) 

3) 

38 major searches - 7s increase.  

The d i s t r ibu t ion  t o  the requestors 

i s  as follows: 16 for cryogenics 

Division staff, 13 for private indus- 

t r y ,  6 for other govemen t  agencies, 
5 f=r T?x-y-gQit. research i n s t i t u t e s .  

4) Distribution of Cryogenics Division pub- 

l i c a t i o n s  - 821 orders f i l l e d  with 5938 
i t e m s  - $ increase. 
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